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(54) Retroreflective material and 
method of making same 

(57) A retroreflective laminar sheet 
assembly comprises base and cover 
sheets (10, 12) made from flexible 
synthetic plastic materials, and an array 
of interposed retroreflective film pieces 
(14) seated within discrete cells (20) 
formed therebetween. The sheets (10, 
12) and film pieces (14) of different 
compositions are used to afford a 
preselected balance of mechanical and 
optical properties, and the construction 
is such that distortion is minimized and 
flexibility of the assembly is 
maintained. 
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SPECIFICATION 

Retroreflective materia! and method of making 
same 

5 

This invention relates to a retroreflective laminar 
sheet assembly and also relates to a method for 
the production of a retroreflective sheet assembly. 
Light reflective materials are now commonly ap- 
10 plied to a wide range articles and structures for 
safety and decorative purposes. The so-called "re- 
troreflective materials" are capable of reflecting the 
bulk of the light rays impinging upon them in a 
substantially parallel path back toward the source, 
15 and are therefore highly effective, particularly to 
enhance night-time visibility. 

A retroreflective material comprised of minute 
glass spheres embedded in a matrix of synthetic 
resin has long been commercially available from 
20 the 3M Company, of St Paul, Minnesota, under the 
trade designation SCOTCHLITE. Another type of re- 
troreflective element material, commercially avail- 
able from the Reflexitc Corporation of New Britain, 
Connecticut, under the trademark REFLEXITE, com- 
25 prises a molded plastic member having "cube cor- 
ner" formations thereon, such as disclosed in 
United States Patents Nos. 3.684,348; 3,689,346; 
3,810,804; 3,311,983; 3,830.682; 3,935,359; 
3,975,083; 3,392,080; 4,244,683; and 4,332,847 in 
30 the name of Rowland (the "Rowland patents"). 
Also indicative of efforts to use cube corner forma- 
tions for retroreflective structures are Straubel 
United States Patent No. 835,648; Hedgewick et al 
United States Patent No. 3.258,840; and Jungerson 
35 United States Patents Nos. 2.310,790 and 
2,444,533. 

Among the numerous practical applications for 
such retroreflective materials are included tapes 
and patches, bands for posts and barrels, traffic 
40 cone collars, and the like. Most applications require 
:hat the retroreflective structure exhibit a substan- 
tial degree of flexibility, and in many instances it 
must be capable of withstanding conditions of 
thermal cycling and physical abuse without undue 
45 distortion or damage and over extended periods of 
time. Although numerous synthetic plastics are 
known which are entirely suitable for use under 
such conditions, and which also afford completely 
adequate levels of flexibility, in many instances 
50 they do not exhibit properties that are consistent 
with optimal retroreflection. On the other hand, a 
variety of plastics can readily be molded so as to 
produce precise cube corner formations, and 
thereby provide structures that are capable of re- 
55 fleeting light with high efficiency; however, such 
plastics often lack physical characteristics neces- 
sary for certain practical applications. 

Exemplary of prior art attempts to provide com- 
posite retroreflective materials are the following 
60 United States Patents: Hodgson Jr. et al No. 
2,948.191; Butler No. 3,017,713; Tung No. 
3.934.065; McGrath No. 4,025,159; Brown No. 
4.082,426; Brasfield et al No. 4,235,512; and White 
No. 4,349,593. The Tung patent specifically shows 
65 the utilization of retroreflective sheet material 



formed into a conical sleeve foi mounting upon a 
traffic cone; a cellular retroreflective structure is 
disclosed in the McGrath patent; and White 
teaches using cube corner retroreflectors in a com- 

70 posite film structure. Despite the foregoing, a need 
remains for a retroreflective material in which is 
combined desirable mechanical properties, such as 
toughness, stiffness, and flexibility, together with 
desirable retroreflective properties, such as bright- 

75 ness and control of incidence and observation an- 
gles. 

It is believed possible by means of the present 
invention to provide a novel retroreflective laminar 
sheet material wherein desired mechanical and re- 
80 trcreflective properties are combined in a highly 
effective and yet uncomplicated structure. 

It is also believed possible by means of the in- 
vention to provide such a material comprised of 
plastic sheet components selected for their me- 
85 chanical properties, combined with separately 
formed retroreflective components selected to af- 
ford desirable optical and photometric properties. 

A further believed possibility of the invention is 
to provide a novel laminar sheet assembly wherein 
90 a multiplicity of retroreflective film pieces are dis- 
posed between sheets of flexible plastic material in 
such a manner that the film pieces are protectively 
disposed within air and water-tight cells, with the 
resultant assembly exhibiting a desirable level of 
95 mechanical flexibility and freedom from distortion. 
A further believed possibility of the invention is 
to provide a novel retroreflective sheet assembly in 
which a high degree of flexibility is possible in the 
choice of component materials, thereby readily 
100 permitting the sheeting to be tailored to a wide 
range of applications. 

According to a first aspect of the invention there 
is provided a retroreflective laminar sheet assem- 
bly comprised of a first length of flexible synthetic 
105 plastic sheet material providing a base sheet, a 
substantially coextensive length of flexible trans- 
parent synthetic plastic sheet material providing a 
cover sheet, and an array of retroreflective film 
pieces disposed between said base sheet and 
110 cover sheet along the length thereof in a predeter- 
mined pattern for retroreflectance through said 
cover sheet, said base and cover sheets being 
bonded to one another in the arsas hetween and 
about said film pieces to provide a multiplicity of 
1 1 5 discrete cells in which said film pieces are seated. 
According to a second aspect of the invention 
there is provided a method for the production of a 
retroreflective sheet assembly comprised of an ar- 
ray of retroreflective film pieces disposed between 
120 "a base sheet and a cover sheet, comprising the 
steps of: depositing upon a first sheet of flexible 
synthetic plastic material a multiplicity of retrore- 
flective film pieces, said pieces being spaced from 
one another and arranged upon said first sheet as 
125 an array of predetermined pattern; disposing a 
second sheet of flexible synthetic plastic material 
upon said first sheet and said array of film pieces; 
and bonding said first and second sheets to one 
another in the border areas between and about 
130 said film pieces to create a multiplicity of discrete 
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adjacent cells 'n which said film pieces are sealed, 
at least one of said sheets being transparent and 
constituting a cover sheet through which light can 
be retroreflectcd by said film pieces. 
5 According to a third aspect of the invention there 
is provided a retroreflective laminar sheet assem- 
bly comprising a length of flexible synthetic plastic 
sheet material providing a base sheet, a substan- 
tially coextensive length of flexible transparent 
10 synthetic plastic sheet material providing a cover 
sheet, and a multiplicity of retroreflective film 
pieces disposed between the base and cover 
sheets along the length thereof, the film pieces 
being arranged as an array in a predetermined pat- 
15 tern for retroreflectance through the cover sheet, 
and the sheets are bonded to one another in the 
areas between and about the film pieces to provide 
a multiplicity of discrete cells in which the film 
pieces are seated. 
20 In the preferred embodiments of the assembly 
the film pieces are fabricated from a synthetic plas- 
tic sheet material which is of a composition differ- 
ent from that of which the base and cover sheets 
are fabricated. Generally, the peripheral edge por- 
25 tions of the film pieces should be spaced slightly 
inwardly from the bonded areas defining the cells 
in which they are seated, so as to permit nondis- 
torting differential thermal expansion to occur ther- 
ebetween. Mcst desirably, a portion of each of the 
30 film pieces should define a multiplicity of minute 
cube corner formations, providing the retroreflec- 
tive prope«*ties thereto. 

According to a fourth aspect of the invention 
there is provided a method for the production of 
35 such a sheet assembly, wherein a multiplicity of 
retroreflective film pieces are deposited upon a 
first sheet of flexible synthetic plastic material, as 
an array of predetermined pattern in which the film 
pieces are spneed from one another; a second 
40 sheet of flexible synthetic plastic material is dis- 
posed upon the first, and the sheets are bonded to 
one another in the border areas between and 
about the film pieces, to create a multiplicity of 
discrete adjacent cells in which t»ie film pieces are 
45 sealed; at least one of the sheets employed will be 
of a transparent material and will constitute a 
cover sheet through which light can be retrore- 
flected by the underlying film pieces. 

In the preferred embodiments of the method, the 
50 areas of bonding of the base and cove* sheets will 
be spaced a distance slightly greater than the cor- 
resp ending dimensions of the film pieces seated 
with'n the celts produced. Most desirably, the 
sheets employed should be of continuous length, 
55 and the method should be carried out continuously 
with the carrier sheet moving along a travel path 
past a supply location for the film pieces. In such a 
method, the film pieces may beneficially be sup- 
plied to the first sheet of flexible synthetic plastic 
60 material from a plurality of stacks disposed trans- 
versely across the travel path, comprising the sup- 
ply location. 

In particularly preferred embodiments of the 
method, the film pieces and the first sheet of plas- 
65 tic material will be fabricated from materials that 



exhibit cohesion to one another upon contact. 
Such embodiment of the method include a step of 
intermittently effecting contact between the first 
sheet and the outermost Tim niece in each of the 

70 stacks provided, to cause the sheet to effect with- 
drawal of the contacting film pieces from the 
stacks, and thereby create a multiplicity of rows of 
film pieces thereacross; the timing of such con- 
tacts wW be such as to space the adjacent rows of 

75 film pieces from one another. Most advanta- 
geously, the confronting surfaces of the film pieces 
and the first sheet should be of glossy character, 
so as to inherently provide the desired cohesive 
properties. 

80 The invention will be described by way of exrrv 
ples with reference to the accompanying drawings, 
wherein: 

Figure 1 is a fragmentary plan view of a laminar 
assembly embodying the present invention, fabri- 
85 cated as a generally annular section to readily per- 
mit formation into a traffic cone collar; 

Figure 2 is a fragmentary sectional view of the 
assembly of Figure 1, taken along line 2—2 therec f 
and drawn to an enlarged scale, showing a retrore- 
90 flective film piece disposed within a cell formed by 
the base and cover sheet components; 

Figure J is a perspective view showing the as- 
sembly of Figure 1 formed into a collar and 
mounted upon a traffic cone; and 
95 Figure 4 is a plan view of a second laminar as- 
sembly embodying the present invention, in the 
form of a strip. 

Referring initially to Figures 1 and 2 of the draw- 
ings, therein illustrated is a retroreflective laminar 
100 sheet assembly formed as an annular section, em- 
bodying the present invention. The assembly con- 
sists of a base sheet of synthetic plastic material, 
generally designated by the numeral 10, a cover 
sheet of transparent synthetic plastic material, gen- 
105 erally designated by the numeral 12. and a multi- 
plicity of retroreflective film pieces, generally 
designated by the numeral 14. The base sheet 10 
and the cover sheet 12 are bonded to one another 
in areas 16, 18 which extend, respectively, gener- 
110 ally arcuately and radially thereon, to define an ar- 
ray of sealed ceiis 20. One of the retroreflective 
film pieces 14 is contained within each of the cells 
20, and is properly oriented to retroreflect imping- 
ing light which passes thereto through the trans- 
115 parent cover sheet 12. 

As is indicated in Figure 2, the bond areas 16, 18 
are located so as to provide at least a small 
amount of spacing with respect to the correspond- 
ing film pieces 14. This construction not only pro- 
120 vides a desirable degree of flexibility in the 

"composite assembly and permits the components 
to expand differentially with respect to one another 
to avoid distortion, but also ensures that bonding 
of the plastic sheets can be effected without inter- 
125 ference from the seated film pieces. Excessive 
spacing, on the other hand, may adversely affect 
the retroreflective quantities of the assembly, and 
therefore may be undesirable; typically, a gap of 
about 1/8 to 1/2 inch between the edges of the 
130 film pieces and the bond areas will produce good 
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results, and the gap may be of variable width 
along the length of bond area, such as when rec- 
tangular film pieces are contained within cells of 
trapezoidal configuration. 
5 As shown in Figure 3, the sheet assembly of Fig- 
ure 1 has been formed into a tapered collar. In that 
configuration it can readily be disposed upon the 
traffic cone 22, to greatly enhance its night-time 
visibility and thereby increase its effectiveness for 
10 marking road hazards, and the like. 

Turning finally to Figure 4, the assembly 24 
shown therein is essentially the same as that illus- 
trated in the preceding Figures, with the exception 
that it is in strip, rather than annular, form. Thus, 
15 the assembly 24 is comprised of coextensive 
sheets (only the cover sheet 12' being visible), 
joined by a grid of longitudinally and transversely 
extending bond areas 16', 18', to produce cells 20' 
in which the film pieces 14' are seated. This Figure 
20 is provioed primarily to demonstrate that the scope 
of the invention encompasses a wide variety of 
configurations of the assembly, and is not be con- 
strued as limited to any particular form. 
It will be appreciated that, by following the 
25 teachings of the present specification, a retroreflec- 
tive assembly can readily be fabricated to exhibit 
an optimal balanue of properties, by combining 
components made from two or more different 
plastics. For exampie, film pieces having excellent 
30 optical and photometric properties, to retroreflect 
light with high intensity and at selected angular 
values, can be incorporated with tough elastomeric 
films, to afford durability and dimensional stability 
In tha finished product. 
35 By appropriate selection of the plastics from 
which the cover and base sheets are fabricated the 
product designer can meet a widely variety of end 
use requirements, such as stiffness, toughness, 
weatherability, chemical resistance, etc. The cover 
40 sheet can of course be made of a resin different 
from that used for the base sheet, and it may be 
modified to alter the nature of the retro reflected 
light. For example, the cover sheet resin can be 
pigmented or ayed to color the reflected light or to 
45 fluoresce impinging ultraviolet light into visible 
wave lengths; it can also be made as to project a 
pattern or message, or the like. Although encapsu- 
lated or enclosed glass beads can be used, the re- 
troreflective film pieces should most 
50 advantageously be of molded, minute cube corner 
form, such as can be be produced in accordance 
with the teachings of the above-cited Rowland pat- 
ents. 

Many suitable resins for the retroreflective pieces 
55 are described, in connection with the production 
cube corner formations, in the paiagraph begin- 
ning at line 13 of column 6 of Rowland Patent No. 
3,684,348, and exemplary resins for the base and 
cover films are listed in the paragraph beginning at 
60 line 46 in the same column of the patent. Although 
not an cxrw jstive listing of suitable plastics, the 
foregoing paragraphs of the Rowland patent are 
hereby incorporated into the present specification, 
by reference thereto, to supplement that which will 
65 be evident to these skilled in the art, in regard to 



resin selection. 

As described above, the sheets of plastic will be 
bonded to one another in a grid-like pattern of nar- 
rowpaths, so as to produce an array of adjoining 
70 cells, sealed against the entry of air, water, and 
other substances. As will be appreciated, any of 
several conventional techniques can be utilized to 
produce the necessary bonds between the two 
films, such as radio frequency (dielectric) welding, 
75 sonic welding, heat and pressure sealing, adhesive 
bonding, and the like. 

The preferred embodiment of the method of the 
invention relies upon the "wetting" phenomenon 
by which glossy-surfaced plastic elements will ad- 
80 here to one another when at least one of the two 
components is of an elastomeric nature. Such 
cohesion is normally-sufficient to aliow the carrier 
sheet (which may be either the base or the cover 
sheet) to be advanced to seating means without 
85 displacement of the attached retroreflective film 
pieces. Electrostatic charging may, for example, 
also be relied upon to induce cohesion. 

Placement of the retroreflective film pieces upon 
the sheet can best be accomplished using a bank 
90 of magazines containing stacks of the pieces dis- 
posed with a glossy surface facing the carrier 
sheet; generally, the magazine will simply be 
aligned across the path along which the carrier 
sheet is conveyed. The bank of magazines will of 
95 course be located ahead of the sealing means, and 
a suitable mechanism for intermittently bringing 
the sheet and outermost film pieces into contact 
will be associated with the magazines. Inherent or 
induced cohesive forces will cause the contacted 
100 film pieces to stick to the sheet, and to thereby be 
withdrawn from the stacks in which they are con- 
tained. The film pieces in each magazine will then 
be advanced sufficiently to present the following 
piece for withdrawal by the plastic sheet material. 
105 The second sheet will be applied to the first, and 
over the array of film pieces, at a downstream lo- 
cation, with the entire assembly then being pre- 
sented to the sealing means to form the cells and 
thereby complete the process. 
110 Thus, it can be seen that the present invention 
provides a retroreflective laminar sheet material 
wherein desired mechanical and retroreflective 
properties can be combined in a highly effective 
and yet uncomplicated structure. The material may 
115 comprise plastic sheet components selected for 
their mechanical properties, combined with sepa- 
rately formed retroreflective components selected 
to afford desirable optical and photometric proper- 
_ ties. More specifically, the invention provides a 
120 laminar sheet assembly wherein a multiplicity of 
retroreflective film pieces are disposed between 
sheets of flexible plastic material in such a manner 
that the film pieces are protectively disposed 
within air and water-tight cells, with the resultant 
125 assembly exhibiting a desirable level of mechanical 
flexibility and freedom from distortion. A high de- 
gree of flexibility in the choice of component mate- 
rials is afforded, thereby readily permitting the 
sheeting to be tailored to a wide range of applica- 
130 tions. The invention also provides novel methods 



for the production of retroreflective sheet assem- 
blies having the foregoing features and advan- 
tages, which methods are relatively uncomplicated 
and yet highly efficient. 

5 

CLAIMS 

1. A retroreflective laminar sheet assembly 
comprised of a first length of flexible synthetic 

10 plastic sheet material providing a base sheet, a 
substantially coextensive length of flexible trans- 
parent synthetic plastic sheet material providing a 
cover sheet, and an array of retroreflective film 
pieces disposed between said base sheet and 

15 cover sheet along the length thereof in a predeter- 
mined pattern for retroreflective through said cover 
sheet, said base and cover sheets being bonded to 
one another in the areas between and about said 
film pieces to provide a multiplicity of discrete cells 

20 in which said film pieces are seated. 

2. A retroreflective laminar sheet assembly as 
claimed in claim 1 wherein said film pieces are 
fabricated from a synthetic plastic having a compo- 
sition different from that of which said base and 

25 cover sheets are made. 

3. A retroreflective laminar sheet assembly as 
claimed in claim 1 or 2 wherein the peripheral 
edge portions of said film pieces are spaced 
slightly jnwardly from the bonded areas defining 

30 the cells in which they are seated, to permit non- 
distorting differential expansion to occur therebe- 
tween. 

4. A retroreflective laminar sheet assembly as 
claimed in claim 1, 2 or 3 wherein a portion of 

35 each of said film pieces provides a multiplicity of 
minute cube corner formations, affording retrore- 
flective properties thereto. 

5. A method for the production of a retroreflec- 
tive sheet assembly comprised of an array of retro- 

4C reflective film pieces disposed between a base 
sheet and a cover sheet, comprising the steps of: 
depositing upon a first sheet of flexible synthetic 
plastic material a multiplicity of retroreflective film 
pieces, said pieces being spaced from one another 
45 and arranged upon said first sheet as an array of 
predetermined pattern; disposing a second sheet 
of flexible synthetic plastic material upon said first 
sheet and said array of film pieces; and bonding 
said first and second sheets to one another in the 
50 border areas between and about said film pieces to 
create a multiplicity of discrete adjacent cells in 
which said film pieces are sealed, at least one of 
said sheets being transparent and constituting a 
cover sheet through which light can be retrore- 
55 fleeted by said film pieces. 

6. A method as claimed in claim 5 wherein said 
areas of bonding are spaced a distance slightly 
greater than th corresponding dimensions of said 
film pieces contained within said cells. 
60 7. A method as claimed in claim 5 or 6 wherein 
said sheets are of continuous length, and wherein 
said method is earned out continuously with said 
first sheet moving along a travel path past a sup- 
ply location for said film pieces, 
65 8. A method as claimed in claim 7 wherein said 



film pieces are automatically supplied to said first 
sheet from a plurality of stacks disposed trans- 
versely across said travel path, said stacks com- 
prising said supply location. 

70 9. A method as claimed in claim 8 wherein said 
film pieces and said first sheet are mutually cohe- 
sive upon contact with one another, and wherein 
said method includes the step of intermittently ef- 
fecting contact between said first sheet and the 

75 outermost film piece in each of said stacks to 
cause said sheet to withdraw said outermost 
pieces from said stacks and thereby create a multi- 
plicity of rows of said film pieces across said first 
sheet, the timing of said contact being such as to 

80 space said film pieces in adjacent rows, one from 
the next. 

10. A method as claimed in claim 9 wherein at 
least the confronting surfaces of said film pieces 
and said first sheet are of a glossy character, and 

85 at least one of said first sheet and said film pieces 
are fabricated from an elastomeric material, to in- 
herently produce cohesion therebetween. 

11. A retroreflective laminar sheet assembly 
substantially as described with reference to and as 

90 illustrated in Figures 1 and 2 of the accompanying 
drawings. 

12. A retroreflective laminar sheet assembly 
substantially as described with reference to and as 
illustrated in Fugures 1 and 2 modified as in Figure 

95 3 of the accompanying drawings. 

13. A retroreflective laminar sheet assembly 
substantially as described with reference to and as 
illustrated in Figures 1 and 2 modified as in Figure 
4 of the accompanying drawings. 

100 14. A method for the production of a retrore- 
flective sheet assembly substantially as described 
with reference to the accompanying drawings. 
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